en 
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living specimens, is that in fatigans the fourth and fifth segments are held approxi- 
mately at right angles to the shaft; in australicus the fifth segment is bent backwards 
(Text-fig. Whe 

The male hypopygium is also intermediate between those of pipiens and fatigans 
but it is sharply distinct from both (Text-fig. 2). The dorsal processes of the mesosome 
are directed outwards, are thickened distally and are slightly excavated at the tip. 
In fatigans these processes are upright, i.e. are almost parallel and are pointed. The 
ventral processes in australicus are leaf-like distally and are thus unlike the narrow 
sickle-shaped processes of pipiens (and molestus). 
With regard to North American pipiens, however, the position is not clear. The 
mesosome of the Baltimore pipiens studied by Sundararaman (1941) and Rozeboom 
(1951) is distinctly different from that of European pipiens. This is shown by 


TABLE 3. 
Characteristics of the Male Palps of Members of the pipiens Complex. Measurements are expressed in Millimetres. 
Measurements of European pipiens and molestus are taken from Christophers (1951). 
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Rozeboom’s illustration (Mattingly et al, 1951, p. 347) and by his statement that it 
“closely resembles” the mesosome of the type specimen of C. comitatus from California 
for, according to Egwards (1931) and Freeborn (1926), comitatus is identical with 
C. pipiens pallens from the Orient. Edwards recognized pallens as a separate sub- 
species because of its distinctive mesosome. 


Further evidence that the mesosome of Baltimore pipiens is different from that of 
the European is given by the data of Sundararaman (1949) and Barr (Rozeboom, 1951) 
on the DV/D ratio. Both these workers found that the ratio was zero or positive. 
Christophers (1951) pointed out that in his strains of pipiens and molestus the ratio 
was negative and this was generally true of the Cairo molestus studied by Knight and 
Malek (1951), where the ratio varied from minus 0:14 to plus 0:02. There is then 
reason to doubt Sundararaman’s identification of his material as C. pipiens pipiens.* 


In respect of the structure of the mesosome, australicus approaches pipiens pallens 
and the Baltimore pipiens, but it is distinct from both these forms. Little information 
is available on pipiens pallens, but the observations of Feng (1938) indicate that it is a 
typical domestic mosquito. In their biology and morphology pallens and comitatus, in 
contrast to australicus, are closer to fatigans than to pipiens. It is, indeed, not clear 
why pallens is not regarded as a subspecies of fatigans rather than of pipiens. 
australicus and Baltimore pipiens differ in their biology, e.g. Baltimore pipiens will 


* The position is further complicated by the fact that in specimens of Baltimore pipiens 
sent to us by Professor Rozeboom the mesosome is identical with that of typical pipiens. The 
siphon index of larvae varied from 3:9 to 4:7, with a mean of 4:2; these values correspond to 
those of molestus and fatigans. 
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mate in a space of one cubic foot whereas australicus is eurygamous, and also in the 
structure of the mesosome. This is evident from a comparison of the published figures 
of the two forms and from the DV/D ratio. In australicus the ratio is higher and 
scarcely overlaps that of Baltimore pipiens. 

As is shown below, molestus and fatigans will interbreed readily in the laboratory. 
The mesosome of the hybrids is intermediate between those of the parent forms; the 
ventral arms are long and broad; the dorsal arms are sometimes pointed but are 
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Text-fig. 1.—Structure of the male palp. A. fatigans; B. australicus. 
Text-fig. 2.—Structure of the male mesosome. A. molestus; B. australicus; C. fatigans. 
Text-fig. 3.—Distribution of DV/D in australicus and in molestus x fatigans hybrids. 


usually of uniform thickness with a slight hollowing at the tip. The position of the 
dorsal arms is very variable; sometimes they are almost parallel, as in fatigans, but 
generally are directed more or less outwardly towards the tips of the ventral processes. 
Through the courtesy of Professor Rozeboom we have been able to examine specimens 
of the “Alabama quinquefasciatus”. The range of morphological variation of the 
mesosome seems to be the same as in our molestus x fatigans hybrids. This observation 
supports the contention of Sundararaman (1949) and Rozeboom (1951) that the “Alabama 
quinquefasciatus” is a hybrid between pipiens (or molestus) and fatigans. 
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The DV/D ratio of this American form, like that of our laboratory hybrids, is very 
similar to that of australicus (Text-fig. 3); the mesosome of australicus, however, is 
morphologically distinct. 

In several morphological characters australicus approaches fatigans; biologically 
it is almost identical with pipiens. 

It is anautogenous. It is not a man-biting mosquito; adults caught in houses were 
never freshly engorged and further, when fed, in the laboratory, on human blood, the 
egg rafts deposited were only about one-third the size of those found in nature (Table 4). 
Although chickens and canaries were not attacked in the laboratory, birds are evidently 
normal hosts. Many adults were caught in a chicken house (chickens and ducks) in 
Melbourne; ten freshly engorged ones had bird blood in the gut; others laid rafts of 
normal size (Table 4). 

Unpublished observations of Mr. D. J. Lee show that australicus also attacks rabbits. 


TABLE 4. 
Size of Egg Rafts of australicus. The Measurements were made along the Axes of Greatest Length and Greatest Breadth. 


Size in mm. Number of Eggs. 
| Number i ee 
of | | | l 
| Rafts. | Min. | Max. Mean. Min. Max. Mean. 
| | | | | 
| | 
From natural breeding | | 
places .. A Be. | 51 2 Oa: 5:6x2-1 | 4:7x1:4 | 186 503 256 
From females caught in | | 
chicken house ao 18 | 3:0x1-0 6:5 X1-3 4-9x1-4 113 380 247 
From females fed on | | 
human blood T 25 1:-6x0°6 | 30x12 | 2-3x10 30 126 | 73 


australicus is eurygamous and in the laboratory we have not been able to get it 
to mate regularly. Mating never occurred in cages of 2400 cubic inches and only 
rarely in cages of 40 cubic feet. It was no more frequent when several hundred adults 
were liberated in a room (500 cubic feet). The temperature was maintained at different 
levels between 20°C. and 25°C., the humidity and intensity of illumination (white and 
blue lighting) were varied, but over a period of a fortnight only three females out of 
a hundred examined were fertilized. 

Judging from the results of cross breeding experiments between members of the 
pipiens group, the failure to obtain free mating of australicus is due to a disability of 
the males rather than of the females. 

Swarming of males in the field has been observed on many occasions. It occurs 
shortly after sunset in the vicinity of breeding grounds. Swarms consist of 100-150 
males which move rhythmically in a vertical direction some five to six feet above the 
ground. 

australicus is heterodynamic. Oviposition seems to cease early in April. Adults 
collected later in this month refused to feed and could only be induced to do so 
by exposure to artificial lighting for about ten days. Feeding was followed by oviposition. 
In the field, neither adults nor larvae were found during the winter. A few advanced 
larvae were present late in August but the numbers were far too small to account for 
the abundance of adults in early spring. It appears that some females are active in 
August but that the majority remain in hibernation until late in September. 

In Melbourne, australicus continues to breed throughout the summer, but some 
observations at Mildura suggest that in northern Victoria reproduction is interrupted 
during mid-summer. In early December australicus was found to be the dominant Culex; 
adults were abundant in chicken houses and larvae were numerous. In early February 
it was rare except for first stage larvae. Two months later, in mid-April, all the larvae 
were at the third and fourth stages; few adults were found in chicken houses; 
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presumably they had entered hibernation. These observations, though limited, suggest 
that in Mildura, australicus has a peak of abundance in spring and early summer and 
a second one in early autumn. On the other hand, fatigans, after starting rather later 
than australicus., breeds continuously throughout the summer and autumn. 


TABLE 5. 
Breeding Sites of fatigans and australicus at Merbein. 


Number 
3reeding Sites. of Males futigans. australicus. 
Examined. 
| 
Goose pond (foul, muddy 
water) .. ote se 70 97 per cent. 3 per cent. 
Rain water tanks | 56 94 m 6 n 
Horse trough | 50 100 x5 0 7 
Marsh SE 5G ie ee 
Flooded pasture EE 35 5 a 95 a 
1 


Larval Ecology.—Larvae of australicus are found in a variety of habitats both 
urban and rural. They may be present in artificial containers and occasionally in 
polluted water. The favoured breeding sites, however, are pools, swamps or channels 
characterized by stationary or slowly moving, clean water. The contrast between 
australicus and fatigans in relation to breeding sites is shown by observations made 
at Merbein (Table 5). Table 5 was compiled by counting’ males, identified by their 
hypopygia, which emerged from collections of larvae from the various sites. It will 
be seen that fatigans predominated in polluted water and artificial containers; australicus 
was predominant in natural ground water. 


TABLE 6. 
Siphon Index and Length of Siphon of Larvae of australicus from Various Localities. Measurements are in Microns. 


| | Siphon Index. Siphon Length. 
| | 
No. | | | | 
| Max. | Min | Mean. Mas. | Min. Mean. 
| | 
1 
Wiliamstown .. o 37 6-4 Hay 5:6 1710 1386 1512 
Gunbower Ae a 19 5'8 4-7 53 1854 1458 1620 
Undera Bcd = 25 6-3 5:2 Boy 1908 | 1476 1674 
Inglewood T ae 25 6-3 Hog} 5D 1710 I 1350 1530 
Melbourne suburbs Ae 100 (503) 4-4 5-3 1692 1260 1386 
206 6:4 4-4 Bieg 1908 1260 1494 


ausiralicus is a rural or semi-rural mosquito; in this, as in other important 
biological characters, it is different from fatigans but similar to pipiens. 

The larvae of australicus are morphologically similar to those of fatigans and 
molestus but can be distinguished by the siphon index (Table 6; Text-fig. 4). The 
average value of the index in the three forms is: australicus, 5:5; fatigans, 4-2; molestus, 
4:3. As can be seen from Text-figure 4, there is only a small overlap between australicus 
and fatigans. The siphon is slightly curved while in fatigans it is straight (Text-fig. 5). 

The pupa of australicus can be distinguished from those of molestus and fatigans 
by the trumpet, which in australicus is almost cylindrical and at least five times as 


long as its greatest width. The paddle is oval and more narrow than in molestus: 
or fatigans. 
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B. CROSS-BREEDING WITILIN THE PIPIENS COMPLEX. 
a. Laboratory Experiments. 

For cross-breeding experiments we have used (1) australicus from natural popula- 
tions in the suburbs of Melbourne; (2) molestus from a laboratory colony established 
from females caught in Melbourne and maintained autogenously; (3) fatigans from a 
laboratory colony derived from egg rafts collected at Albury. Examination of male 
genitalia showed that the laboratory colonies were pure strains. Some additional 
experiments were made with C. globocoxitus which were obtained from natural popula- 
tions in Melbourne. All the adult mosquitoes used in these experiments had emerged 
from pupae reared singly in separate tubes. | 


30 
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:—:—:—: FATIGANS AUSTRALICUS 


Text-fig. 4.—Siphon of the fourth-stage larva. A, B. australicus; C, D. fatigans; 
E. molestus. . 

Text-fig. 5.—Distribution of the siphon index in fourth-stage larvae of australicus 
and fatigans. 


The object of the first experiments was to test the mating preferences among the 
pipiens compiex. Females of molestus, fatigans and australicus were caged together with 
either molestus or fatigans males and after twenty-four hours were dissected and their 
spermathecae examined. For molestus males the cage had a capacity of a thousand 
cubic inches; for fatigans males it was a cubic foot in size. The temperature was 
23°-24°C. 

These experiments showed that molestus and fatigans males did not distinguish 
between their respective females (Table 7). Mating with australicus was less frequent. 
In the two experiments only 20 per cent. of these were fertilized as against 80 per cent. 
of the other two forms. 

In another experiment of this kind the fatigans females were replaced by globocoxzitus 
females. A group of sixty females, twenty of each form, were caged with forty molestus 
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males for four days at 18°-20°C. Fertilization occurred in twelve molestus, five 
australicus and four globocoxitus. 

The infrequent mating of australicus females with molestus and fatigans males, 
and this was also observed in direct cross-breeding experiments, may possibly be due 
to the existence of some mechanical barrier to copulation. However, as will be shown 
later, globocoxitus males, whose distinctive genitalia might be expected to prove a bar 
to mating with members of the pipiens complex, mate freely with molestus and fatigans. 
A more probable explanation lies in the fact that australicus is eurygamous whereas 
the others are stenogamous. 


TABLE 7. 
Preferential Mating within the pipiens Complex. 


Number of Females Fertilized. 


| 
| 
Males. | No. 
| molestus. | fatigans. australicus. 
=a | | 
| i | 
molestus | 15 | 17/20 | 12/20 3/20 
=| 
fatigans ; | 15 | 16/20 | 18/20 5/20 
| 


In the laboratory, Melbourne molestus interbreeds readily with fatigans from 
Melbourne and Albury. Crossing is obtained with either sex and the F1 are vigorous 
and fertile. 

australicus, however, does not readily interbreed with either molestus or fatigans. 
Experiments using australicus females were invariably unsuccessful. In one series, in 
which a total of 101 females were caged with molestus males, 18 egg rafts were obtained 
but no eggs hatched. In these experiments no check was made to see if the females 


TABLE 8. 
Results of Crossing australicus Females with molestus and fatigans Males. 
australicus (38) australicus (30) 
X 3$ 
molestus (60) fatigans (50) 
| 
| Not Not 
Fertilized. | Fertilized. Fertilized. Fertilized. 
Refused to feed al 1 1 | 2 9 
Fed: : | 
Eggs not laid .. 2 19 1 13 
Rafts laid oe 11 f 3 4 | 1 
Eggs hatched .. 0 0 0 | 0 


laying the egg raits had been fertilized. In a later experiment each female, after laying, 
or after death if no eggs were laid, was dissected and the spermatheca examined. 
Thirty-eight australicus females were caged with 60 molestus males for two days. After 
a blood meal the females were placed separately in tubes with water for oviposition. 
It will be seen from Table 8 that 11 of the 14 females which deposited eggs had been 
fertilized. None of the eggs hatched. Similar results were obtained in crosses between 
female australicus and male fatigans (Table 8). Four egg rafts were obtained from 
fertilized females, but again none hatched. 

Reciprocal matings were not often successful because, as pointed out above, 
australicus males rarely mate in the laboratory. Only a few molestus and fatigans 
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females were fertilized even when caged with large numbers of australicus males for 
periods of two to three weeks. However, in contrast to the previous experiments, all 
the egg rafts deposited were fertile to some degree. In molestus x australicus crosses 
the hatch in different rafts varied from 21 per cent. to 95 per cent.; in fatigans y 
australicus crosses, hatching averaged about 80 per cent. In both crosses the Fi larvae 
appeared to develop normally but there was a heavy mortality in the pupal stage. The 
viability of the F2 eggs was low; there was never more than a 50 per cent. hatch. 


Thus crosses between female australicus and male molestus or fatigans were sterile 
but the reciprocal crosses were fertile. This phenomenon has been observed in various 
species and subspecies of Aédes (Woodhill, 1949, 1950; Perry, 1950; Downs and Baker, 
1949) and also between different races of molestus (Laven, 1951¢@). 


It is clear that in the laboratory the three Australian members of the pipiens 
complex can interbreed. As far as australicus is concerned this conclusion probably has 
little relevance to conditions in nature. In the laboratory, even when no choice was 
possible, australicus mated only infrequently with molestus and fatigans, and when 
these matings yielded fertile eggs there was a heavy mortality of the F1 pupae. These 


TABLE 9. 
Composition of Natural Populations of the pipiens Complex in Melbourne. 


| australicus. molestus. | fatigans. Hybrids. 
February ey an 62 | 19 17 2 
May 8 | 20 42 30 
1 


facts, coupled with the differences in larval ecology and mating behaviour between 
australicus on the one hand and molestus and fatigans on the other, suggest that 
interbreeding between these forms would occur rarely, if at all, under natural conditions 
and that no permanent population of intermediates would be established. 


With molestus and fatigans the situation is entirely different. These two forms 
exhibit no preferential mating, crosses between them are fully fertile, and the hybrids 
are vigorous and themselves fully fertile. The two forms have essentially the same 
larval ecology and mating habits. One would anticipate that molestus and fatigans would 
interbreed freely in nature. 


b. Field Observations. 

Drummond (1951) noted the occurrence of intermediate forms in Melbourne and 
suggested that molestus and fatigans were interbreeding. Supporting evidence has 
come from observations on the mosquito population of a water butt at the Zoology 
Department. Two large samples of late larvae and pupae were taken, one in February 
and one in May. From each sample 100 males were reared and.classified on their 
hypopygia (Table 9). 

. Both australicus and molestus had been established in the water butt for several 
months prior to taking the first sample, but fatigans which, as stated earlier, is common 
in Melbourne only during late summer and autumn, was a recent arrival. Only two of 
the, hundred males of the February sample were hybrids. By the end of May, however, 
the australicus population had declined, fatigans had become numerous and there were 
30 hybrids. 

Hybrids obtained in the laboratory between, members of the pipiens complex are 
very similar morphologically and caution must be exercised when assigning the parentage 
of natural hybrids. However, of the 32 hybrids recorded above, 30 fell within the range 
of variation found in molestus x fatigans laboratory hybrids. The remaining two were 
different but were also different from any of the australicus x molestus or australicus x 
fatigans laboratory hybrids. Their origin remains in doubt. 
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Apart from these two specimens we have found no others which could be regarded’ 
as australicus x molestus hybrids, although the two forms are found breeding in close 
proximity to one another over a wide area in southern Victoria. 

Melbourne does not provide adequate material for investigating natural hybridization 
between australicus and fatigans. fatigans does not become numerous until autumn, 
by which time australicus is declining. However, in northern Victoria the two forms 
are found together for a large part of the year. Of 300 males of the pipiens complex 
collected at several localities at Merbein, and classified on their hypopygia, 207 were 
definitely fatigans and 92 definitely australicus. The remaining specimen was possibly 
a hybrid. o 

Our general conclusion from these laboratory and field observations is that 
australicus is reproductively isolated from both molestus and fatigans but that the two 
latter forms interbreed where they come into contact. A permanent population of 
intermediates has not been found in Melbourne but may become established in the- 
northern part of the State. 

As already indicated, C. globocoxitus, the fourth member of the pipiens group in 
Australia, will interbreed freely in the laboratory with both molestus and fatigans. 
The crosses were fully fertile and the larvae developed normally to give a fertile F1. 
In crosses with australicus no adult hybrids were obtained. About 80 per cent. of the: 
eggs hatched but the larvae failed to develop. 


Crossing between globocoritus and molestus occurs occasionally in nature. Three: 
specimens have been collected in suburbs of Melbourne which are indistinguishable from 
laboratory hybrids between these forms. 


C. TAXONOMIC STATUS OF THE MEMBERS OF THE C. PIPIENS COMPLEX. 
a. molestus. 

The discussion on the C. pipiens complex (Mattingly et al., 1951) revealed a wide: 
divergence of opinion on the status of molestus. Christophers and Shute believe that 
the morphological and biological differences between pipiens and molestus warrant both 
being regarded as distinct species. On the other hand, Laven and Mattingly were of 
the opinion that “in the pipiens-molestus complex we are faced with an assemblage of 
diverse genetical potentialities, the expression of which is conditioned by the selective: 
action of the environment rather than by any limitation to cross breeding”. 


The gene concerned with autogeny is not restricted to molestus and is not necessarily 
of high frequency in all molestus populations. Similarly the other biological charac- 
teristics of molestus are not necessarily associated; there are forms Known which are 
eurygamous and man-biting, stenogamous and hon-man-biting. For these reasons. 
Mattingly (1951, 1951a) concluded that the occurrence of “typical” molestus is a local 
phenomenon, and, since it had been recorded mainly in large cities, he suggested that it. 
should be considered an urban biotype and called, if a name were necessary, form 
molestus. 

In Australia the range of molestus extends from the south coast of Victoria and 
northern Tasmania to Mildura, some 400 miles to the north. Throughout this range the: 
combination of characters which typify molestus are preserved. It appears, therefore, 
that either the environmental differences within this area are too small to have any 
appreciable selective action or we are dealing with a pure molestus stock. All our: 
observations indicate that in south-eastern Australia we have a mosquito which presents. 
constantly the morphological and biological characters of molestus as defined by 
Marshall and Staley. 


We cannot accept Mattingly’s contention that molestus is a strictly urban biotype. 
In Australia it is associated with dwellings, but it breeds in water butts, ditches and. 
drainage pits, and in such situations larvae are found in rural areas. 

Our conclusion is that molestus should be distinguished from pipiens and called 
C. pipiens L. form molestus, using the term “form” as it is used by Knight and Malek 
(1951) to indicate that its relationship to other members of the complex has yet to be- 
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determined. As Mattingly (1951a) has pointed out, future work may show that molestus 
has its closest affinities with fatigans rather than pipiens. 


b. fatigans. 

The status of fatigans as a species has been questioned because of its ability to 
interbreed with other members of the pipiens complex. However, the statement in several 
recent publications that it interbreeds with pipiens requires qualification. 

In laboratory crosses Weyer (1936) found that molestus and fatigans were inter- 
fertile but that when pipiens and fatigans were crossed no eggs were produced. In 
similar experiments Roubaud (1941) obtained eggs from both crosses, but those 
resulting from pipiens x fatigans matings yielded no fertile hybrids. Farid (1949), 
Sundararaman (1949) and Rozeboom (1951) have reported complete interfertility in 
crosses between laboratory strains of pipiens and fatigans but, as pointed out above, 
their pipiens was not typical. 

The position seems to be that fatigans will not interbreed with pipiens but will 
interbreed freely with molestus and with a North American form of pipiens which may 
itself be a hybrid. Until the status of these latter forms has been determined, it is 
premature to treat C. fatigans as a subspecies of C. pipiens. 


c. dustralicus. 

This is primarily a rural mosquito. It is widely distributed in Australia but, as 
far as is known, does not occur elsewhere. This suggests that it is a relatively ancient 
member of the Australian fauna. The other two members of the pipiens complex appear 
to be recent introductions. Mackerras (1950) suggests that fatigans was brought in by 
the early white settlers; molestus has been found here only during the last ten years. 

australicus has thus been isolated for a long period from other members of the 
complex and, as shown by laboratory and field observations, is reproductively isolated 
from molestus and fatigans. In Victoria it exists side by side with molestus without 
the production of an intermediate population; in New South Wales, Queensland and 
Western Australia it is in contact with fatigans but the two forms remain distinct. 
Whether australicus and pipiens would be interfertile is not known; there would be no 
ethological barrier to mating. 

If fatigans and molestus were definitely accepted as subspecies of ©. pipiens, 
australicus could be regarded as a distinct species. As Mayr (1942, p. 179) has written, 
“owing to range expansion two formerly allopatric forms begin to overlap and to prove 
thereby to be good species. If no overlap existed and if we had to classify these forms 
merely on the basis of their morpohological distinctness, we would probably decide, in 
most cases, that they were subspecies. But overlap without interbreeding shows that 
they have attained species rank.” The status of molestus and fatigans, however, is not 
Settled, and to describe australicus as a distinct species would ignore its very close 
relationship to pipiens. The status of australicus should be determined by this relation- 
ship rather than by reference to molestus and fatigans. 

Within the pipiens complex there seem to be two major evolutionary lines: one, 
represented by molestus and fatigans, leading to domestic, stenogamous, maun-biting and 
homodynamic mosquitoes, the other, represented by pipiens and australicus, leading to 
rural, non-man-biting, eurygamous and heterodynamic mosquitoes. The two lines tend 
to be isolated ethologically; genetic isolation between them seems to have been largely 
achieved except as between molestus aud pipiens. 

For these reasons we propose to describe australicus as a new subspecies of Culex 
pipiens L. A formal description is given below. 


CULEX PIPIENS AUSTRALICUS, n. subsp. 
Adult. 
The male differs from C. pipiens L. as follows. The general colour is darker, almost 
black. The upper surfaces of the proboscis, palps and legs, the tergites and the median 
and lateral patches on the sternites are black-scaled. The shaft of the palp is more 
hairy than in C. pipiens L. The pleurae, in addition to the usual patches of white scales, 
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have a few post-spiracular scales. The dorsal processes of the mesosome are transparent 
and are directed outwards. They are thickened distally and slightly excavated at the 
tip. The ventral processes are Jong and leaf-like distally. Wing length: 4:0 mm. 


Specimens from Victoria show little variation in colour, but those from New South 
Wales, Queensland and Western Australia are lighter. There are no significant variations. 
in the structure of the mesosome. The setae on the ninth tergite vary in number from 
five to fifteen, with an average of eight. The post-spiracular scales are sometimes absent. 


The female differs from the male as follows. The pale basal bands on the second to 
sixth tergites are constricted laterally and on the second to fifth tergites are separated 
from the white lateral spots. The eighth tergite is pale except for some black scales 
apically. As in the male, the venter is white scaled with conspicuous median and lateral 
patches of black scales. Wing length: 49 mm. The upper fork cell is 3:3 times the 
length of its stem. 

Females show the following variations. A separation of the tergal bands from the 
lateral spots may be restricted to the second to fourth tergites or may be extended 
to the sixth. The black patches on the venter are sometimes reduced to a few 
black scales. i 

Specimens from New South Wales, Queensland and Western Australia, like the 
males from these areas, are lighter in colour and the patches on the sternites are 
often inconspicuous. These specimens may be indistinguishable from C: fatigans. 


Types.—The holotype male and allotype female from Melbourne, a paratype series 
from the suburbs of Melbourne and from Merbein are in the collections of the National 
Museum, Melbourne. 


Larva. 

The fourth stage larva differs from that of C. pipiens L. as follows. The frontal 
hairs: the outer has 7-10 branches, the mid 4—5, the inner 4-7. The mental plate has a 
large central tooth and 8-9 lateral teeth. The siphonal tufts: the first has 4-8 hairs; 
the second, 3-8; the third, 3-6; the fourth, 2-3. Pecten teeth: 9~13. Comb scales: 31—40. 
The siphon index varies from 4:4 to 6-4 with a mean ot 5:5. 


Pupa. 

The setae are similar to those of C. pipiens L. The paddle is oval; the ratio of 
breadth to length is about 0:65. The trumpet is almost cylindrical and is at least five 
times as long as its greatest breadth. The opening is one-third of the length of the 
trumpet. 

Distribution.—In addition to the type series, specimens have been examined from 
various parts of Victoria and from Tasmania: Launceston, 2g, 29.3.52; Bothell, 1, 
30.3.52. N.S.W.: Coolatai, 1g, 5.1.44; Terry Hie Hie, 1g, 31.9.51 (A. L. Dyce). Western 
Australia: Marble Bar, 1g, Aug. 744; Midland Junction, ig and 19, 3.5.44. Queensland: 
Coolangatta, 1g, 27.11.48; Bundaberg, ig and 19, 3.10.45; Moolyamba, 24, 2.5.48, 29, 
9.5.48; Gin Gin, 1g and 19, 4.10.45 (J. L. Wassell); Ashgrove, 1g, 26.2.47 (E. V. Grable); 
Wowan, 1¢ and 19, 28.10.45 (M. P. Lawton); Cloy Field, 1¢ and 19, 14.7.48 (L. Angus); 
Samford, 4g, 13.9.43, 19, 26.7.44 (E. Marks); Brible, 19, 24.9.44; Mitchell, 19, 2.11.44. 
South Australia: Upper South-east, 3g and 19, ’52. 


Key to the Culex pipiens group in Australia. 


Males. 

1. Coxites broad, swollen. Palpi short, longer than proboscis by only half the length of the 
last segment S E S Mcnamara gee globocoxitus 
Coxite MArraow 6a eee eRe ean ieee eo Sue aie eagle E tot tc ee 2 

2. Length of first four segments of palp not exceeding length of proboscis. Shaft with 12-21 
lone hairs occ es cic aa rene E ee molestus 

First four segments exceed length of proboscis men er erin itt ttt tint rt ann eee 3 

3. Fifth segment of palp directed backwards. Shaft with dense long hairs. Venter with 
conspicuous median and lateral patches of black scales ........-...cceeeeee australicus 


Fifth segment directed upwards. Shaft with only 6-14 long hairs. Spots on venter 
iInconspicuotis! or Absent o nosa ama eens See e T fatigans 
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Females. 
1. Basal tergal bands not constricted ..........-. Be eee ony Eee 2 
Basal tergal bands constricted and separated from lateral spots at least on tergites 2-5 .. 3 
2. Tergites almost black with broad creamy basal bands, Ventral side of proboscis with 
pale scales over entire length. Venter with or without median and lateral patches 


ot dearie aanas o aana a rir Ua) cos etsve: E E lonsuan= oueceuaueustenucme ts globocoxitus 

Tergites brown, bands pale. Ventral surface of proboscis with dark scales at tip. Venter 

emuinghy WAI .oonaoaaenosoog usb oyaoendomecEsaoonooccanenosenoonadcaoOno GES molestus 

3. Dark. Venter with median and lateral patches of dark scales ................. australicus 

Lighter. Patches on venter usually absent, rarely conspicuous .................4. fatigains 
CONCLUSIONS. 


1. The C. pipiens complex in Australia consists of three forms: C. fatigans, C. pipiens 
form molestus, and C. pipiens australicus, n. subsp. 


2. C. fatigans is widely distributed in Australia but is not permanently established 
in southern Victoria. Here it can be found regularly only during late summer and 
autumn. On the evidence available at present C. fatigans should be regarded as 
specifically distinct from C. pipiens. 


3. In morphology and biology the Australian molestus conforms to C. molestus as 
described by Marshall and Staley. In view of its uncertain taxonomic position this 
mosquito should be called C. pipiens form molestus. It occurs in Victoria and Tasmania. 


4. ©. pipiens australicus, n. subsp., is widely distributed in Australia. Morpho- 
logically it is distinct from other members of the pipiens complex; biologically it is 
very similar to C. pipiens pipiens. It is a rural non-man-biting mosquito which is 
anautogenous, eurygamous and heterodynamic. 


5. O. fatigans and C. pipiens form molestus interbreed freely in the laboratory and 
in the field, but no permanent population of intermediates has been found in Victoria. 


6. C. pipiens australicus, n. subsp., has a limited capacity for interbreeding with 
C. fatigans and C. pipiens form molestus in the laboratory but in nature is reproductively 
isolated from both these forms. 
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AUSTRALIAN RUST STUDIES. XII. 


SPECIALIZATION WITHIN UROMYCES STRIATUS SCHROET. ON TRIGONELLA SUAVISSIMA 
LINDL. AND MEDICAGO SATIVA L. 


By W. L. WATERHOUSE, The University of Sydney. 
(Plate viii.) 
[Read 26th August, 1953.] 


Synopsis. 

Uromyces striatus Schroet. on Trigonella suavissima Lindl. in western New South Wales 
‘was found to attack lucerne (Medicago sativa L.). Comparisons of the reactions of several 
species of Trigonella from overseas with those of numerous species of Medicago show that the 
two rusts represent distinct physiologic races. There is evidence that they are also different 
from the U.S.A. rust. In many cases individual plant progenies of a species gave quite different 
results. All four groups of the possible combinations of resistance and susceptibility to the 
two races were found. No correlation was found between these groups and the recognized 
botanical groups of these species. A striking case of variegation in a plant of M. hispida 
Gaertn. occurred, and the progeny of one of the shoots yielded albinotic seedlings. 


INTRODUCTION. 


In 1939 a collection of Trigonella suavissima Lindl. at the flowering stage was 
forwarded from Lake Menindie, N.S.W., for examination because of heavy rust attack 
on leaves and stems. A similar submission was made in 1950. 


Determinations showed that the rust conformed to the description of Uromyces 
striatus Schroet. A culture was maintained first on the original host plants which had 
been sent in the growing condition, and later on seedlings of 7. suavissima in pots, 
in order that the host range might be studied. 


SPECIALIZATION STUDIES. 


Uredospores transferred to lucerne (Medicago sativa L.) growing in pots gave full 
infections, and from these, transfers back to the Trigonella were made. 

The susceptibility of lucerne was unexpected. Because of the importance of lucerne 
as a crop and pasture plant, and of the medics in pastures, it is important to know 
the host ranges of pathogens that attack them. 

For comparative studies, a culture of lucerne rust from an infected crop at 
Lismore, N.S.W., was maintained on lucerne in a different plant house. 

For these preliminary studies, seed of Trigonella spp. from overseas was used, 
together with a quantity of host material of Medicago spp. that was kindly made 
available by Mr. F. W. Hely, of the C.S.I.R.O. Over a period of years he has studied 
an extensive collection obtained from world sources, sorting out variants, and making 
many single plant selections. All the seed used came from single plants he had saved. 
In no case was there any evidence of heterogeneity in the rust reactions shown. 

Seed was scarified with sandpaper, germinated between blotting paper, and then 
transferred to pots, and kept in the plant house until the seedlings had reached the 
inoculation stage. The leaves were atomized with water, uredospores transferred to 
the wetted leaves, and the pots then kept in a saturated atmosphere for 36—48 hours, 
after which they were placed on the plant house benches. Rust development was at its 
best after about three weeks, but weather conditions caused variations in this time. 

In both rusts there was a noticeable slowing-down of rust development in the 
winter, but comparisons between summer and winter readings showed no differences in 
the type of susceptible or resistant reactions that developed. 


N 
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For recording the results it was not necessary to adopt any elaborate scheme, as 
for example that which is generally used for the cereal rusts (Stakman and Levine, 
1922).* Nothing of the ‘“mesothetic’ type was found. Three types were recognized: 
(i) immunity, as shown by absence of any effect of inoculation; (ii) resistance, as 
shown by production of “flecks” or small pustules borne on necrotic areas; and 
(iii) susceptibility, as shown by production of normal pustules without any killing 
action upon the host (Plate viii). In the classifications that follow, (i) and (ii) are 
grouped together as “resistance”. 

In Table 1 are given the results when the two rusts were used to inoculate available 
species of Trigonella. 

TABLE 1, 


Comparison of Reactions shown on Seedlings of Trigonella spp. by the Rusts from T. suavissima and 
Medicago sativa. 
| 


| 


Reaction to Rust from 


Host. Source. 
T. suavissima. M. sativa. 
T. suavissima .. | Lake Menindie, N.S.W. Susceptible. Susceptible. 
T. corniculata .. | Italy. Resistant. Resistant. 
T. arabica re .. | Israel. Resistant. Resistant. 
T. spicata T .. | Armenia, U.S.S.R. Resistant. Resistant. 
T. noeana eo en an. Resistant. Susceptible and Resistant. 


The material received direct from Iran in 1951 was in the pod. Seeds were shelled 
from selected pods so there is little likelihood that extraneous seed was included in 
the sowing. There has not been time to pure-line plants showing each rust reaction 
for further tests. This Trigonella result is not unlike that of many of the Medicago spp., 
where single plant progenies of a particular species give very diverse rust reactions, 
showing that genetic variation within the species is common. The other three overseas 
species were kindly supplied by Mr. W. Hartley, of C.S.I.R.O. 

The results of inoculating the available species of Medicago with the two rusts are 
set out in Table 2. 

These results may be grouped as follows, the number in the brackets representing 
the number of plant progenies involved: 


Rust Group 1. Susceptible to Both Rusts. 
M. arabica (1), M. orbicularis (3), M. ciliaris (1), M. littoralis (1), M. gaetula (1), 
M. soleiraleii (1), M. rugosa (1). 


Rust Group 2. Susceptible to Trigonella but Resistant to Lucerne Rust. 
M. tuberculata (2), M. turbinata (3), M. minima (2), M. tribuloides (2), M 
orbicularis (1), M. rigidula (2), M. scutellata (2). 


Rust Group 3. Resistant to Trigonella but Susceptible to Lucerne Rust. 
M. arabica (1), M. tribuloides (1), M. orbicularis (1), M. intertexta (1), M. rigidula 
(1), M. laciniata (1), M. coronata (1), M. littoralis (1). ; 


Rust Group 4. Resistant to Both Rusts. 

M. tuberculata (2), M. hispida (8), M. tribuloides (1), M. obscura (1), M. rigidula 
(1), M. lupulina (1). 

It is clear that the two rusts represent distinct physiologic races. <A study of 


additional isolates from each of the original hosts might well bring to light the 
existence of further races. 


*STAKMAN, E. C., and LEVINE, M. N., 1922.—The determination of biologic forms of 
Puccinia graminis on Triticum spp. Minn. Agr. Expt. Sta. Tech. Bull, $. 


—-~—— 
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Whilst in some of the species of Medicago all the plant progenies tested gave the 
same reactions, individuals within other species commonly behaved quite differently. 
This emphasizes again the extreme importance of genetical control of the hosts to be 
used as differentials in specialization studies. It also indicates that a considerable 
amount of natural crossing takes place in Medicago spp. 

The difficulty of comparing Australian results with those recorded elsewhere is 
apparent. Thus Chilton, Henson, and Johnson (1943)* report that U. striatus occurs 


TABLE 2. 


Comparison of Reactions shown on Seedlings of Medicago spp. by the Rusts from T. suavissima 
and RE atia ee sativa. 


SS See Number Reaction to Rust from 
| of Plant ess 
Host. Progenies 
Tested. T. suavissima. M. sativa. 
| 
i 
M. orbicularis All. 3 Susceptible. Susceptible. 
1 Susceptible. Resistant. 
1 Resistant. Susceptible. 
M. ciliaris Willd. 1 Susceptible. Susceptible. 
M. intertexta (Mill.) Ti 1 Resistant. Susceptible. 
M. scutellata AN. 2 Susceptible. Resistant. 
M. rugosa Desr. 1 Susceptible. 
M. blancheana Boiss. 1 Resistant. 
M. tribuloides Desr. 2 Susceptible. Resistant. 
1 Resistant. Susceptible, 
is Resistant. Resistant. 
M. littoralis Rhode 1 Susceptible. Susceptible. 
1 Resistant. Susceptible. 
M. murex Willd. 1 Resistant. 
M. obscura Retz. 2 Resistant. Resistant. 
1 Susceptible. Resistant. 
M. rigidula (L.) Desr. 2 Susceptible. Resistant. 
1 Resistant. Susceptible. 
3 Resistant. Resistant. 
M. tuberculata Willd. 2 Susceptible. Resistant. 
1 Resistant. Resistant. 
M. turbinata Willd. 3 Susceptible. Resistant. 
M. arabica (L.) AH. 1 Susceptible. Susceptible. 
1 Resistant. Susceptible. 
M. hispida Gaertn. i Resistant. Resistant. 
M. praecox D.C. 1 Resistant. 
M. laciniata (L.) AH. on Resistant. Susceptible. 
M. minima (L.) Desr. 2 Susceptible. Resistant. 
M. lupulina L. 1 Resistant. Resistant. 
M. gaetula .. : 1 Susceptible. Susceptible. 
M. coronata (L.) Desr. 1 Resistant. Susceptible. 
M. soleiroleii Durby. 1 Susceptible. Susceptible. 


* Includes one plant progeny from seed received in 1951 direct from Iran. 


in U.S.A. on 14 of the Medicago species’ set out in Table 2. Included are two, viz., 
M. lupulina and M. hispida, here found to be resistant. It is noteworthy that of 
M. hispida seven plant progenies were found to be resistant to both the rusts used. 
This might indicate that the Australian rusts represent different physiologic races from 
those that occur in U.S.A., but the final proof would be given by comparisons of 
results when the same plant progenies were tested side by side with the different rusts. 


Thanks to the Director of the Royal Botanic Gardens at Kew and Miss Joy Garden, 
of the N.S.W. National Herbarium, a list of recognized species of Medicago and their 


* CHILTON, S. J. P., HENson, L., and JOHNSON, H. W., 1943.—Fungi reported on species 
of Medicago, Melilotus, and Trifolium. U.S8.D.A. Mise. Pub. 499. 
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grouping has been obtained recently (February, 1953), and makes possible a comparison 
of the botanical groupings of the species with those based upon their rust behaviour. 

In rust group 1 the seven species fall into six different botanical groupings. 5 

In rust group 2 the seven species fall into four different botanical groupings. 

In rust group 3 the eight species fall into five different botanical groupings. 

In rust group 4 the six species fall into three different botanical groupings. 

On this evidence there is no relationship between the rust behaviour and the 
recognized botanical grouping of the species. 


OCCURRENCE OF ABNORMALITIES. 

A plant of M. hispida in the early seedling stage showed a marked chlorophyll 
deficiency. As growth proceeded, one shoot grew strongly with full chlorophyll develop- 
ment, but on the other side of the plant parts of leaves or parts of leaflets produced 
no chlorophyll, leading to variegation of the foliage (Plate viii). Seeds from pods on 
the normal shoot gave rise to green seedlings, but from pods on the variegated shoot 
two albinotic seedlings were produced in addition to normal green plants: no variegated 
plants were found. 
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EXPLANATION OF PLATE VIII. 
1. Leaves of Medicago orbicularis with (a) upper and (b) lower surfaces showing 
susceptible reactions of Uromyces striatus. Nat. size. 
2. Leaves of M. turbinata with (a) upper and (b) lower surfaces showing resistant reactions 
of U. striatus. Nat. size. 
3. Seedling plant of M. hispida showing a sectorial chimera. Nat. size x 3. 


